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Wednesday, February 19, 2014 727aUniquely, EGCG also restored the phosphorylation dependence of Ca2þ-sensi-
tivity to thin filaments containing tropomyosin DCM mutations or myectomy
samples where the Ca2þ-sensitivity is normally uncoupled.
Thus, for thin filaments with TPM1 E40K mutation, Ca2þ-sensitivity of phos-
phorylated and unphosphorylated troponin is the same (EC50 0.261mM and
0.252mM respectively) whilst in the presence of EGCG, Ca2þ-sensitivity
dependence on phosphorylation is restored (EC50 P=0.324mM, unP =
0.104mM). The same pattern was observed with TPM1 E54K containing thin
filaments and also in troponin from myectomy samples that are usually
uncoupled (EC50 P = 0.139mM, unP = 0.137mM in absence but P =
0.231mM, unP = 0.183mM in presence of EGCG.
Thus, EGCG potentially can reverse the effect of mutations that cause DCM.
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Numerous neurological diseases lead to paralysis of intact skeletal muscles.
Electrical stimulation of these to restore contraction is problematic due to
side effects, the lack of cellspecificity and simultaneous activation of antagonist
muscles.
Optogenetic stimulation of skeletalmuscles expressing the light-sensitive cation
channel Channelrhodopsin2 (ChR2) could overcome these limitations. There-
fore we have generated a transgenic mouse line with expression of ChR2 fused
to EYFP in skeletal muscles under the control of the chicken-b-actin promotor.
Soleus muscles showed membrane bound EYFP fluorescence and light induced
force was analyzed by isometric force measurements upon illumination
(470nm) with different durations, intensities and repetition rates. Using single
light pulses, the highest force generation (52.753.4mN, sd, n=4) was reached
by 100ms long pulses with a light intensity of 0.51mW/mm2. For tetanus
stimulation we found that 5ms pulses at 30Hz and 1.4mW/mm2 were most
efficient and led to the force of 69.157.7mN (sd,n=4). This was ~70% of the
force generated by electrical tetanus stimulation.
Bilateral laryngeal paralysis is a severe disease resulting in immobility of the
vocal cords and life-threatening dyspnea. In this disease electrical stimulation
is problematic due to electrode corrosion, recognition of the stimuli and non-
selective stimulation of agonist and antagonist muscles (Zealer DL et al.,
Laryngoscope 2003,113:1149-1156). We therefore tested the feasibility of
selective optogenetic stimulation of the posterior cricoarytenoid muscle, which
is the only intralaryngeal muscle opening the vocal cords. Larynges were iso-
lated from ChR2-transgenic mice and locally stimulated with a light guide
(Ø400mm,NA=0,48) in the postarytenoid region. Application of light pulses
(470nm,50ms,35.7mW/mm2) led to a repetitive opening of the vocal cords.
The distance between vocal cords during illumination was 230538% of
baseline (sd,n=3).
Thus optogenetic muscle stimulation is a promising method for therapy of
nerve lesions and might be useful to treat bilaryngeal paralysis.
3680-Pos Board B408
Targeting NRF2 Activation Modulates X-Ros Signaling in Dystrophic
Skeletal Muscle
Christopher W. Ward1, Jaclyn P. Kerr2, Ponvijay Kombairaju3,
Thomas E. Sussan3, Stephen J.P. Pratt4, Richard M. Lovering4,
Ramzi Khairallah5, Shyam Biswal3.
1OSAHN, Univ. Maryland School of Nursing, Baltimore, MD, USA,
2Physiology, Univ. Maryland School of Medicine, Baltimore, MD, USA,
3Environmental Health Sciences, Johns Hopkins University Bloomberg
School of Public Health, Baltimore, MD, USA, 4Department of Orthopedics,
Univ. of Maryland School of Medicine, Baltimore, MD, USA, 5Physiology,
Loyola University, Chicago, IL, USA.
Oxidative stress is a critical disease modifier in the muscular dystrophies.
Recently we discovered X-ROS, a pathway by which mechanical stretch acti-
vates NADPH Oxidase 2 (NoX2) dependent ROS generation (Prosser et al,
2011). Our work in dystrophic skeletal muscle (Khairallah et al, 2012) revealed
X-ROS is excessive in dystrophin deficient (mdx) skeletal muscle where it con-
tributes muscle injury susceptibility, a hallmark of the dystrophic process. Our
transcriptional interrogation of the X-ROS pathway in human DMD and in mdx
revealed a widespread alteration in genes associated with redox homeostasis.
As Nrf2 plays an essential role in the transcriptional regulation of genes
involved in redox homeostasis we hypothesized that reductions in Nrf2 activity
may contribute to the enhanced X-ROS signaling by reducing redox buffering.
In our first experiment, we treated adult (6 month) mdx mice with sulforaphane,an activator of Nrf2 which transcriptionally up regulates antioxidant enzyme
expression thus increasing the ability of cells to scavenge ROS. Following
5 days of treatment the sentinel antioxidant enzyme, glutathione reductase,
was significantly increased in the muscle. Furthermore, X-ROS was signifi-
cantly abrogated in treated vs. untreated animals. To directly test the effect
of decreased Nrf2 activity, Nrf2 was genetically silenced in the A/J model of
dysferlinopathy; a model is notorious for having a mild functional phenotype,
which has raised doubts about its relevance for dysferlinopathy. With Nrf2
silencing, 1 year old A/J mice had significant muscle specific functional deficits
and altered histopathology compared to non-silenced controls and X-ROS was
dramatically enhanced. We propose that strategies targeting Nrf2 activation
will address generalized reduction in redox homeostasis, which is a core mech-
anism of dystrophic progression.
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We recently identified the microtubule (MT) cytoskeleton (Khairallah et al,
2012) as the critical mechano-transduction element for stretch activated
NADPH Oxidase 2 (NoX2) dependent ROS generation (i.e., X-ROS; Prosser
et al, 2011) which activates mechano-sensitive Ca2þ influx. In WT skeletal
muscle, X-ROS was minimal to undetectable with acute mechanical stretch
but dramatically amplified by increasing MT density. In dystrophic myofibers
(mdx), elevated X-ROS was coincident with increased MT density and amelio-
rated by depolymerizing MT (Khairallah et al, 2012, Prosser et al, 2013). Our
data support the hypothesis that MT density tunes X-ROS activity and Ca2þ
influx. These novel insights were possible because of our use of brief, acute
stretch in single, enzymatically isolated skeletal myofibers - a model where
baseline ROS generation and cytosolic [Ca2þ] is low, allowing the identifica-
tion of stretch-induced X-ROS and its subsequent Ca2þ influx. In vivo studies
targeted MT density in mdx and blunted contraction-induced injury. We now
report a similar effect in WT mice, indicating that contraction-activated
X-ROS is operant in WT. However, our initial single cell approach could not
support electrically-elicited contraction, leading us to develop novel technol-
ogy and methodology that allows the reliable measurement of dynamic stretch
and isometric contractility. We find that X-ROS and Ca2þ influx in WT are
modulated by the frequency of passive stretch and electrically-elicited contrac-
tion. We are extending these studies with new genetic models and pharmaco-
logic and molecular approaches that alter MT density to evaluate its
contribution to mechano-activation of X-ROS and Ca2þ during dynamic stretch
or contraction. We also show the contribution of MT density to the mechanical
properties of the myofiber with measures of near-membrane stiffness by axial
deformation (AFM) and passive stiffness during longitudinal stretch.
Work funded by R01-AR062554, R01-HL106056.
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Duchenne muscular dystrophy (DMD) is a common genetic disorder character-
ized by chronic inflammation and severe muscle wasting caused by the absence
of dystrophin. In mdx muscle fibers, we have shown that basal ATP release was
increased and that extracellular ATP stimulation is pro-apoptotic. In normal
fibers, ATP release is blockedby nifedipine leading us to study the potential ther-
apeutic effect of nifedipine in mdx mice and its relation with extracellular ATP
signaling. Six-week-old mdx mice were treated with daily intraperitoneal injec-
tions of nifedipine, 1mg/Kg for 1-week. This treatment significantly reduced
extracellular ATP levels in adult mdx flexor digitorum brevis (FDB) fibers
and lowered the intracellular resting Ca2þ concentration ([Ca2þ]r) measured
in vivo in the vastus lateralis. Acute treatment of mdx FDB fibers with apyrase,
reduced [Ca2þ]r to a similar extent as was seen in vastus lateralis after nifedipine
treatment. Physiologically, nifedipine treatment increased muscle strength as-
sessed by both the inverted grip-hanging test and forced swimming test, and
decreased serum CK in mdx mice. Exploring mechanisms, nifedipine treatment
reduced mRNA levels of iNOS, gp91phox, p47phox and Bax in mdx diaphragm
728a Wednesday, February 19, 2014muscles. We hypothesize that nifedipine, reduces basal ATP release thereby
decreasing purinergic receptor activation, which in turn reduces [Ca2þ]r and
muscle destruction in mdx skeletal muscles. Funding: FONDECYT 1110467,
Proyecto Anillo ACT1111 and AFM14562 (EJ, MC), NIH AR43140,
AR052534 (PDA), U-INICIA VID 2011, U-INICIA 02/12M (MC).Excitation-Contraction Coupling II
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TRIC-A and TRIC-B are trimeric intracellular cation channels located at the
sarcoplasmic reticulum (SR) or endoplasmic reticulum (ER) of multiple cell
types. These channels regulate the permeability of K ions across the SR/ER
and consequently the movement of Ca ions during excitation-contraction
coupling. Previously we showed that genetic ablation of TRIC led to compro-
mised K-permeability and Ca release across the SR membrane, supporting the
hypothesis that TRIC could function as counter-ion channels that allows the
flow of K ions into the SR during the acute phase of Ca release. In the absence
of TRIC, overload of Ca inside the ER/SR causes instability of Ca storage and
release, leading to stress-induced dysfunction of multiple tissues. Spontaneous
Ca waves, also called store overload-induced Ca release (SOICR) mediated by
the type 2 ryanodine receptor (RyR2), evoke ventricular tachyarrhythmia in
individuals with heart failure. Our biochemical studies revealed that the
carboxyl-tail domain of TRIC-A could interact with the RyR channel, suggest-
ing the possibility that TRIC-A may directly regulate the Ca release activity.
We found that TRIC-A, but not TRIC-B, prevented the appearance of SOICR
in HEK293 cells expressing RyR2. Cytosolic Ca measurement by Fura-2 and
ER luminal Ca measurement by D1ER revealed that expression of TRIC-A
in HEK293 cells could prevent overload of Ca inside the ER by targeting the
RyR2 channel function. Such effect was translated into suppression of SOICR.
These effects appeared to be specific for TRIC-A, as co-expression of RyR2
with TRIC-B did not affect SOICR. Together, our data suggest that functional
interaction between TRIC-A and RyR can modulate the Ca release process
from internal stores and regulate Ca homeostasis across the ER/SR.
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Duchenne muscular dystrophy (DMD) is a fatal degenerative muscle disease,
attributed to a defect in the gene that encodes dystrophin. Emerging evidence
implicates oxidative stress may impair autophagy in DMD patients and mdx
mice, a model of DMD, by activating cytotoxic mediators. However, the spe-
cific source of ROS and the mechanism(s) of impaired autophagy have not yet
been elucidated in dystrophic muscle. Therefore, understanding the interaction
between oxidative stress and defects in autophagy is pivotal as we seek effec-
tive therapeutic targets in DMD. Here we demonstrated that nicotinamide
adenine dinucleotide phosphatase (NADPH oxidase or Nox2)-induced oxida-
tive stress was linked to impaired autophagy in mdx mice through Nox2-
dependent superoxide production, Src kinase activation and further NOX2
activation via p47phox phosphorylation. The defect in autophagy was accompa-
nied by persistent activation of Src kinase, which activated the autophagy
repressor mammalian target of rapamycin (mTOR) via PI3K/Akt phosphoryla-
tion. Inhibition of Nox2 or Src kinase reduced oxidative stress and partially
rescued the defective autophagy in mdx mice. We also have genetically
down-regulated Nox2 activity in the mdx mouse to further corroborate that
NADPH oxidase was the main source of oxidative stress, which impaired
autophagy in DMD. Our data highlights novel pathogenic aspects of DMD
and proposes NADPH oxidase as a potential therapeutic target.
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Aims: Reactive oxygen species are implicated in reducing muscle force pro-
duction through oxidative cellular damage in skeletal muscle following repet-itive fatiguing muscle contractions. We investigated whether shifting cellular
redox status from an oxidized to reduced state could improve recovery of force
production in skeletal muscle following fatigue. Methods: Mechanically-
dissected intact single fibers from flexor digitorum brevis muscles of C57/
BL6 mice were fatigued at physiological temperature (32 C) with brief 150
ms duration 70 Hz tetani every 1 s for a total of 60 contractions. Fibers were
superfused with the reducing agent dithiothretrol (DTT 1 mM, n = 10) for 20
min after fatigue-induced force loss was established. Results: The reducing
agent, DTT, temporarily improved low-frequency (30 Hz) contractile force
by 65% by increasing myofibrillar Ca2þ sensitivity without affecting sarco-
plasmic reticulum (SR) Ca2þ release during recovery from fatigue. Intrigu-
ingly, addition of the oxidizing agent tert-butyl hydroperoxide (T-BOOH 10
mM, n=7) also temporarily improved 30 Hz force by 47% without affecting
SR Ca2þ release. We then determined whether antioxidants and inhibitors of
free radical production could prevent in the first place the oxidative damage
associated with fatigue. We found that a mitochondria specific antioxidant
(SS-31) and nitric oxide synthase inhibitor (L-NAME) recovered fatigue-
induced impairments in SR Ca2þ release without affecting 30 Hz force.
Conclusion: Antioxidants and inhibition of free radicals improves Ca2þ release
during recovery, but has no effect on improving low-frequency force produc-
tion. On the other hand, acute change in intracellular milieu using redox agents
improves force development but does not affect Ca2þ release. Thus, proteins
involved in SR Ca2þ release and myofibrillar contractile proteins show
different dependency on the local redox micro-environment.
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Atrial myocytes undergo stretch during diastole as do ventricular myocytes. We
have identified a novel mechanism that links cellular stretch in ventricular my-
ocytes to the tuning of Ca2þ release from the sarcoplasmic reticulum (SR). This
mechanism, "X-ROS signaling", depends on NOX2 (NADPH oxidase) to
generate reactive oxygen species (ROS), which increases the triggering sensi-
tivity of ryanodine receptors (SR Ca2þ release channels) to [Ca2þ]i. Stretch
mediates X-ROS signaling through microtubules, which appear to interact
with NOX2 to enable it to generate ROS.
We evaluated X-ROS signaling in murine atrial myocytes. Ca2þ sparks were
recorded before, during and after stretch. Ca2þ spark frequency increased dur-
ing stretch and returned to pre-stretch values during relaxation. Interestingly,
microtubule density was higher and pro-
tein expression levels were increased
in atria compared to ventricles (Fig 1
A). Similarly, protein expression of the
catalytic NOX2 subunit gp91phox was
higher in atria compared to ventricles
(Fig 1 A). Inhibition of gp91phox with
the inhibitory peptide gp91ds-tat pre-
vented stretch-induced Ca2þ spark
increases in atrial myocytes (Fig 1 B).
Thus, X-ROS signaling is important
in atrial myocytes and may contribute
to physiological regulation of Ca2þ
signaling and to Ca2þ dependent arrhyth-
mogenesis in disease.3687-Pos Board B415
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Acute compartment syndrome (CS) in skeletal muscle is caused by lack of
blood supply due to the rise of compartment pressure after various injuries.
CS requires timely surgical treatment, known as fasciotomy, to reduce the
compartmental pressure and re-establish blood circulation. In previous studies,
we found that MG53 plays an important role in membrane repair in multiple
tissues. Here we test whether recombinant human MG53(rhMG53) protein
can protect muscle injury associated with CS. With our suture-induced
hindlimb CS mouse model, we found that the mg53-/- muscle released more
creatine kinase (CK) into blood circulation as compared to wild type control
